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1.0 
Introduction

Modern biotechnology, Cartegena protocol and Biosafety 

Biosafety is the issues addressed by the Cartegena Protocol (CP) on Biosafety to the convention of biological diversity. It refers to the need to protect human health and the environment from the possible adverse effects of modern biotechnology (Ref. Cartegena protocol).    

Modern biotechnology as defined in the CP has enabled the manipulation of genetic material of living organisms conferring them with novel genetic traits, resulting in genetically modified organisms, living modified organisms (GMO, LMO) in which genetic material (DNA) has been altered in a way that does not occur naturally. Many such genetically modified plants, foods, microorganisms, products and pharmaceuticals have been approved and used by some countries in the world during the last few years. 

Nevertheless, there are some concerns of intensified by GM products with respect to health, biodiversity and environment based on the fact that modern biotechnology involves the application of in vitro nucleic acid techniques including recombinant DNA, direct injection of nucleic acid into cells and organelles or fusion of cells beyond the taxonomic family that overcomes natural physiological, reproductive or recombination barriers that are not techniques used in traditional breeding and selection.   
Cartegena Protocol (CP)  on biosafety to the convention of biological diversity, while recognizing the great potential of modern biotechnology for the promotion of human wellbeing, particularly meeting critical needs for food, agriculture and health care, address the issues and concerns of biosafety. Accordingly, the Cartegena Protocol on biosafety is intended to provide a safety framework to reconcile the respective needs of global trade and environmental protection with respect to a rapidly growing global industry.  The protocol facilitates the sound application of biotechnology, making it possible to derive maximum benefit from the potential that biotechnology has to offer while minimizing the possible risk to environment and to human heath.

In view of the present developments in the world such as globalization, liberalized economic policies, increase in communication facilities, rapid global distribution of genetically modified products is inevitable. 

To address the possible risks of such developments and to ensure safety of consumers, producers, farm animals, economic crops and environment, governments all over the world are formulating or are in the process of formulating regulatory mechanisms and guidelines. This effort to reduce and eliminate the potential risk resulting from modern biotechnology is the major function of the National Biosafety Frame Work in many countries. 

Employing these biosafety procedures and measures several recombinant DNA products such as drugs and health-care products, genetically modified plants or their products, food and microorganisms have been permitted for commercial use in many countries. In the Asian region not all countries have biosafety guidelines in place.

In Sri Lanka too Biosafety guidelines, specifically to regulate import, production and use of genetically modified organisms and products are not operative at present, although in general, importation of plant material, animals and other products are covered by several government acts. 

2.0.
Scope of the document

The contents of this document are based on the Terms of References (TOR) provided by the National Biosafety Framework Development Project of Ministry of Environment & Natural Resources of Sri Lanka.   
A major objective of this report is to provide information on technology and techniques used for the detection of genetically modified organisms and products and to identify the centres or institutions in Sri Lanka, which have the infrastructure facilities to perform tests for detection of genetically modified organisms as well as for risk assessment and risk management.  The following information are provided in this report.   
3.0 Present status of the use of modern biotechnology in the production of Genetically Modified Organisms : Objectives and techniques 

The article 3 of the Cartegena protocol on Biosafety to the convention of biological diversity defines  “Modern biotechnology” as the application of 

(a)
In vitro nucleic acid techniques, including recombinant deoxyribonuclic acid (rDNA) and direct injection of nucleic acid into cells or organelles, or 

(b)
Fusion of cells beyond the taxonomic family that overcome natural physiological, reproduction or recombination barriers and that are not techniques used in traditional breeding and selection     

The modern biotechnological methods used for the production of GMO’s are known as transformation techniques/recombinant DNA technology.  In general, the transformation of a living organism is achieved by any of the following methods or combination of these methods.  

a. Inserting synthetic DNA fragments produced by recombinant DNA (rDNA) technology that makes “gene cassettes” for the transformation of living organisms. 

b. Making inter-species hybrids produced by in vitro cell fusion. 

c. Alteration of genes by addition or deletion of nucleotides in order to manipulate the regulation of gene expression and to modify the final product(s) encoded by the gene. 

d. Artificial cloning by nuclear transfer.  

These techniques overcome physiological, reproductive or recombination barriers that exist in natural cell division, reproduction and conventional breeding and making it possible to produce genetically modified  plants, animals and microorganisms having superior novel traits.  

3.1 Objectives of the production of GMO’s

· Genetically Modified Plants

The objectives of the production of genetically modified  plants are to improve quality & quantity of yield and to incorporate pest resistance and other agronomic traits for convenient agronomical practices and crop management,  making profitable cultivation using minimum inputs and labour (Table1).  

Table 1 : Objectives of production of Genetically modified plants 

	Objectives
	Genetic traits

	Product Quality 
	Carbohydrate metabolism 

Colour

Durability 

Fatty acid metabolism 

Firmness

Fruit ripening delay 

Processing value 

	Pest resistance 
	Bacterial resistance 

Fungal resistance

Insect resistance

Nematode resistance

Viral resistance 

	Agronomic Traits 
	Drought resistance

Herbicide tolerance 

Hybrid systems 

Nitrate reduction

Salt tolerance

Temperature resistance 



	Others 
	Heavy metal tolerance




Transformation of plants (Genetic Engineering’ of agricultural crops) has become a main activity of novel biotechnology in agricultural research.  The United States and the countries of the European Union have produced and field tested Genetically Modified  Plants of 27 distinct plant species (Table 2a, 2b).  
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Table 2a: Approved list of Genetically modified plants 

Table 2b: Genetically Modified Plants Produced and Field Tested in     

                    United States and European Union 
	Plant
	EC
	USA

	 Alfalfa 
	2
	18

	 Amelanchier laevis 
	
	<6

	 Apple 
	1
	5

	 Arabidopsis 
	
	<6

	 Barley 
	
	<6

	 Belladonna 
	
	<6

	 Broccoli 
	
	<6

	 Carnation 
	3
	

	 Carrot 
	1
	<6

	 Cauliflower 
	5
	

	 Chicory 
	32
	<6

	 Chrysanthemum 
	1
	<6

	 Cotton 
	1
	191

	 Cranberry 
	
	<6

	 Creeping Bentgrass 
	
	7

	 Papaya 
	
	<6

	 Pea 
	
	<6

	 Peanut 
	
	<6

	 Pepper 
	
	<6

	 Petunia  
	1
	<6

	 Plum 
	
	<4

	 Poplar 
	6
	<6

	 Potato  
	86
	261

	 Rape / oilseed rape  
	188
	57

	 Rice 
	
	13

	 Silver birch 
	1
	

	 Soybean  
	6
	278

	 Spruce 
	<6
	

	 Squash 
	2
	106


Table 2b: Genetically Modified Plants Produced and Field Tested in       United States and European Union (Continued. )

	Plant
	EC
	USA

	Strawberry 
	1
	5

	 Sugarbeet 
	109
	23

	 Sugarcane 
	
	<6

	 Sunflower 
	6
	8

	 Sweet Potato 
	
	<6

	 Sweetgum 
	
	<6

	 Tobacco 
	30
	98

	 Tomato 
	45
	321

	 Walnut 
	
	<6

	 Watermelon 
	
	<6

	 Wheat 
	6
	14


	Cucumber 
	
	12

	 Eggplant 
	
	<6

	 Eucalyptus 
	3
	

	 Gladiolus 
	
	<6

	 Grapevine 
	2
	<6

	 Lettuce 
	4
	6

	 Maize (corn) 
	192
	1019

	 Marigold 
	8
	

	 Melon 
	4
	106

	 Onion 
	<6
	

	 Subtotal 
	295
	


· Genetically Modified  Animals

Genetically modified  animals are produced to (a) enhance their productivity, in dairy, meat, eggs, wool industries (b) reduce or eliminate undesirable by-products or waste, (c) use for biomedical research, (d) manufacture bio-pharmaceuticals and (e) to obtain tissues/organs for transplantation  in humans (xenotransplantation).  

The available literature revealed that transgenic sheep, and goats have been produced that express foreign proteins in their milk.  Transgenic chicken are now available to synthesise human proteins in the white of the eggs.  Experiments are being conducted to produce transgenic pigs that can serve as a source of transplant tissues and organs for humans.  Transgenic mice have been used for various biomedical research work.  

· Genetically Modified  Microorganisms 

Microorganisms including yeasts, bacteria and viruses are extensively used as major tools of modern biotechnology.  The microorganisms, including viruses are transformed to produce enzymes, hormones, vaccines, fermented products, bio-pesticides, and as remedies for the control of environmental pollution (Table 3). 

Table 3: Genetically modified Microorganisms 

	Organism
	Applications

	Streptococcus
	Starter culture in yoghurt

	Lactobacillus 
	In raw sausages


	Saccharomyces cerevicea 
	For increased CO2 Production 


	Bacillus thuringiensis 

Pseudomonas putida 

Trichoderma harzianum strain T-22 

	Biological control of pests 


Also, genetically modified microorganisms have been used 

· for the production of enzymes used in food, beverages and biomedical industries (Table 4), 

· for the production of hormones, drugs and vaccines (Table 5), 

· in agriculture as bio-pesticides and bio-fertilizer, 

· in waste degradation and waste water treatment.  

Table 4 : Enzymes produced by Genetically modified  microorganisms

	Enzyme
	Applications (examples)

	a -Acetolactate decarboxylase
	Beverages (brewing)

	a -Amylases
	Cereals and starch, beverages, animal feeds, textiles, washing detergents, cellulose and paper, wastewater treatment, fruit and vegetables, sugar and honey, confectionery, washing-up liquids, various

	Catalases
	Milk, mayonaise, textiles, various

	Cellulases
	Textiles, washing detergents, animal feeds

	Chymosin
	Cheese

	Cyclodextrin glycosyl transferase (CGTase)
	Cereals and starch

	a -Galactosidases
	Animal feeds

	b -Glucanases
	Cereals and starch, animal feeds, dietetic food, brewing

	Glucose isomerase
	Cereals and starch

	Glucose oxidases
	Eggs, beverages, confectionery, salads, various

	2-haloalkanoate dehalogenase
	Various (nonfood sector)

	Hemicellulase
	Confectionery

	Lipase
	Fats and oils, confectionery, animal feeds, washing detergents, washing-up liquids, cellulose and paper, leather, various

	Maltogenic amylase
	Cereals and starch, beverages, confectionery

	Pectinase
	Beverages (fruit juices)

	Penicillin amidase
	Various (nonfood sector)

	Phytase
	Animal feeds

	Protease
	Cheese, washing detergents, meat, fish, cereals and starch, beverages, confectionery, salads, animal feeds, cellulose and paper, leather, washing-up liquids, various

	Pullulanase
	Cereals and starch, beverages, confectionery

	Xylanase
	Confectionery, cereals and starch, animal feeds, textiles, cellulose and paper


 Table 5 : Production of hormones drugs and vaccines 

	Product
	Description
	Company
	Indication
	Date  (2003)

	ADVATE
	Recombinant antihemophilic factor produced without any added human or animal plasma proteins and albumin
	Baxter Healthcare Corp.
	Hemophilia A
	July

	ALDURAZYME®
	Laronidase; recombinant enzyme replacement
	BioMarin Pharmaceuticals Inc. and Genzyme
	Mucopolysaccharidosis-1
	April

	Aloxi
	Palonosetron HCl injection; 5-HT3 receptor antagonist
	MGI Pharma and Helsinn Healthcare
	Prevention of acute nausea and vomiting in chemotherapy patients
	July

	AMEVIVE®
	Alefacept; recombinant, dimeric fusion protein; targets CD45RO+ T-cells
	Biogen
	Moderate to severe chronic plaque psoriasis
	January

	BEXXAR®
	Tositumomab and I-131 tositumomab; monoclonal antibody targeting the CD20 antigen and radiolabeled version of the antibody
	Corixa Corp. and GlaxoSmithKline
	CD20-positive, follicular non-Hodgkin's lymphoma whose disease is refractory to Rituxan and has relapsed following chemotherapy
	June

	Cialis®
	Tadalafil; oral PD55 inhibitor
	Lilly ICOS LLC (joint venture of Eli Lilly and Co. and ICOS Corp.)
	Erectile dysfunction
	November

	CosmoDerm™/
CosmoPlast™
	Dermal fillers containing human-based collagen
	Advanced Tissue Sciences Inc. and Inamed Corp.
	Wrinkle injections
	March

	Elestat™
	Epinastine HCl ophthalmic solution0.05%
	Inspire Pharmaceuticals Inc., Allergan Inc (Inspire signed a co-promotion agreement following approval of the Allergan drug) and Boehringer Ingelheim
	Persistent itching associated with allergic conjunctivitis
	October

	Emtriva™
	Emtricitabine; once-daily nucleoside reverse transcriptase inhibitor (capsule)
	Gilead Sciences Inc.
	Treatment of HIV infection in adults as part of combination 
	July 

	ESTRASORB™
	Estradiol topical emulsion
	Novavax Inc. and King Pharmaceuticals Inc.
	Short-term use to reduce moderate to severe vasomotor symptoms ("hot flashes") in menopausal women
	October

	Fabrazyme®
	Algasidase beta; recombinant enzyme replacement
	Genzyme 
	Fabry's disease
	April

	FluMist™
	Nasally delivered influenza vaccine
	MedImmune Inc.
	Prevention of flu
	June


3.2 Methods used to produce genetic elements for transformation:

In the production of genetically modified organisms the specific gene conferring the trait of interest can be introduced into the genome of an organism using transformation techniques.  For transformation of any living organism, the genes are usually taken from other naturally occurring organisms (Donor organism).   They have to undergo several modifications before they can be effectively inserted into other organisms (Recipient organisms) and successfully expressed.  

These modifications are required to produce a complete gene for insertion that contains a regulatory region (Promoter), coding region (Structural gene) and a transcription termination region (Terminator).  A recombined DNA fragment consisting of a Promoter, Structural gene and a Terminator is known as a Gene Cassette (Fig 1).  
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P-35 S – Promoter       Pat  - phosphinothricin acetyltransferase  

T-35 S – Terminator    RB – Right border      LB – left border 
Figure 1 :  Simplified Gene Cassette 
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P-35 S – Promoter       cry 9 C - Delta Endotoxin genes of Bacillus thuringiensis 

T-35 S – Terminator    bla       – beta lactomase gene (antibiotic resistant marker)

Figure 2 : Presence of two gene cassettes including antibiotic resistant        

                  marker gene with corresponding regulatory elements in a 
                  gene cassette 

Selectable maker genes such as genes allowing growth of the transformed cells in the presence of  an antibiotic, or in the presence of herbicides are also incorporated into gene cassettes (Fig 2) for the selection of transformed cells, tissues or organisms during the transformation and selection procedure.  

The structural genes and respective regulatory sequences (Promoters and Terminators) which have been used to synthesize ‘gene cassettes’ for insertion and then production of approved transgenic crops are summarized in Table 6.  The presence of these sequences in genetically modified organisms and their products can be used for the detection of these organisms and products by using the techniques described in section 6.  

Table 6 a: Introduced promoters into  approved genetically modified agricultural  crops with corresponding donor organisms 

	Used promoters 
	Donor organisms (origin) 

	dP-35s 
	Cauliflower Mosaic Virus 

	E-OCS 
	Agrobacterium tumefaciens 

	P-35s 
	Cauliflower Mosaic Virus 

	P-4AS1 
	Cauliflower Mosaic Virus 

	P-5126del 
	Zea mays 

	P-ALS 
	Nicotiana tabacum 

	P-Als 
	Arabidopsis thaliana 

	P-CDPK 
	Zea mays 

	P-E35s 
	Cauliflower Mosaic Virus 

	P-E8 
	Lycoperiscon esculentum (Tomato) 

	P-FMV 
	Figworth Mosaic Virus 

	P-HelSsu 
	Helianthus annus 

	P-Kti3 
	Glycine max (soybean) 

	P-mac 
	A. tumefaciens and Cauliflower Mosaic Virus 

	P-mas 
	Agrobacterium tumefaciens 

	P-napin 
	Brassica rapa 

	P-nos & 2xP-nos 
	Agrobacterium tumefaciens 

	P-NtQPT1 
	Nicotiana tabacum 

	P-OCS,35s 
	Cauliflower Mosaic Virus & A. tumefaciens 

	P-PCA55 
	Zea mays 

	P-PEPC 
	Zea mays 

	P-Ptac 
	Bacterial 

	P-ract 
	Oryza sativa (rice) 

	P-Ssu 
	Arabidopsis thaliana 

	P-TA29 
	Nicotiana tabacum 

	P-ubiZM1(2) 
	Zea mays 

	P-β-Conglycinin 
	Glycine max (soybean) 




Table 6 b: Introduced  genes in approved genetically modified crop 
                   plants with the corresponding donor organisms

	Introduced genes
	Donor organisms (origin)

	aad 
	E. coli 

	accd 
	Pseudomonas chlororaphis 

	AccS 
	Lycoperiscon esculentum (Tomato) 

	ALS 
	Arabidopsis thaliana 

	bar 
	Streptomyces hygroscopicus 

	barnase 
	Bacillus amyloquefaciens 

	barstar 
	Bacillus amyloquefaciens 

	Bay TE 
	Umbellularia californica (California bay) 

	bla 
	E. coli 

	Chimeric S4-HrA 
	Nicotiana tabacum 

	CMV cp 
	Cucumber Mosaic Virus strain C 

	CMV/PRV cp 
	Papaya Ringspot Virus & Cucumber Mosaic Virus 

	CMV/WMV2 cp 
	Watermelon Mosaic Virus 2 strain FL& Cucumber Mosaic Virus 

	CMV/ZYMV cp 
	Zucchini Yellow Mosaic Virus strain FL& Cucumber Mosaic Virus 

	CP4EPSPS 
	Agrobacterium tumefaciens sp. strain CP4 

	cry1Ab 
	B. thuringiensis subsp. kurstaki 

	cry1Ac 
	B. thuringiensis subsp. Kurstaki HD-73 

	cry1F 
	B. thuringiensis var. aizawai 

	cry9C 
	B. thuringiensis subsp. Tolworthi 

	dam 
	E. coli 

	dapA 
	Corynebacterium 

	gentR 
	E. coli 

	GmFAD2-1 
	Glycine max (soybean) 

	gox 
	Achromobacter sp. Strain LBAA 

	GUS 
	E. coli 

	mEPSPS 
	Zea mays 

	nitrilase 
	Klebsiella ozaenae 

	nos 
	Agrobacterium tumefaciens 

	NtQPT1 
	Nicotiana tabacum 

	pat 
	Streptomyces viridochromogenes 

	PG 
	Lycoperiscon esculentum (Tomato) 

	pinII 
	Selanum tuberosum 

	PLRVrep 
	Potato Leaf Roll Virus (PLRV) 

	PVYcp 
	Potato Virus Y (PVY) strain O 

	sam-k 
	E. coli bacteriophage T3 


Table 6 c: Introduced  terminators in approved genetically 
                    modified crop plants with the corresponding donor 
                    organisms

	Terminators 
	Donor organisms (origin) 

	T-35s 
	Cauliflower Mosaic Virus 

	T-7S 
	Glycine max (soybean) 

	T-ALS 
	Nicotiana tabacum 

	T-Als 
	Arabidopsis thaliana 

	T-E9 
	Pea 

	T-g7 
	Agrobacterium tumefaciens 

	T-Kti3 
	Glycine max (soybean) 

	T-mas 
	Agrobacterium tumefaciens 

	T-napin 
	Brassica rapa 

	T-nos 
	Agrobacterium tumefaciens 

	T-ocs 
	Agrobacterium tumefaciens 

	T-ORF25 
	Agrobacterium tumefaciens 

	T-phaseolin 
	Phaseolus vulgaris (green bean) 

	T-pinII 
	Solanum tuberosum 

	T-SSU 
	Glycine max (soybean) 

	T-tahsp 17 
	Triticum aestivum (Wheat) 

	T-tml 
	Agrobacterium tumefaciens 

	T-Tr7 
	Agrobacterium tumefaciens 


3.3 Transformation of Plants and Microorganisms 

Widely practiced methods that are used to introduce and integrate foreign genetic elements into plants, bacteria and fungi are shown in    Fig 3.  

· biological vectors (Agrobacterium tumifaciens and bacterial plasmids), 

· physical methods (particle gun), 

· chemical methods (using CaCl2 or polyethylene glycol), 

· electroporation
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3.4 Transformation of animals
Transformed animal have been produced by using the following techniques.  

· Microinjection of cloned gene(s) into the pronucleus of a fertilized ovum.  

· Injection of embryonic stem cells into embryos.  

· Use of retroviruses as the biological vectors to insert foreign genetic elements into embryos.  

4.0.  Methods available for the detection of transformed organisms and products 
According to the Cartagena Protocol, the Advanced Informed Agreement (AIA) procedure shall apply prior to the first international transboundary movement of Genetically Modified Organisms for intentional introduction into the environment of the party of import.  Article 11 and Annex II of the Protocol shall apply prior to the transboundary movement of Genetically Modified Organisms intended for direct use as food or feed or for processing.  Therefore, the authorities of the country of import may take necessary arrangements to ban the products that do not comply with their biosafety regulations.  

As a part of the Biosafety Protocol, many countries in the world have developed officially validated techniques in order to detect unauthorized illegal introduction of Genetically Modified Organisms and products.  Some of these methods used in Germany, United Kingdom, Netherlands, Switzerland, Canada, and United States are described below.  Table 7 summarizes these methods indicating laboratory and manpower requirements respectively.  

Table 7:  Novel methods used in assessment of Genetically 

                     Modified  Organisms  and products.
	Technique
	Equipments/Facilities
	Manpower requirement

	1. DNA based methods
  1.1. Detection by PCR
1.1.1. DNA extraction
1.1.2. DNA purification
1.1.3. PCR primers for target sequences
        The promoter and terminator elements used to transform most of the currently approved genetically modified plants are the Cauliflower Mosaic Virus (CMV) promoter  (P-35S) and the  Agrobacterium tumefaciens noplaine synthase terminator (T-Nos). Therefore, primer sequences can be designed to target these elements. 
1.1.4. PCR amplification of target sequences
1.1.5. Detection and visualization of amplified DNA products (amplicons) 
           by Agarose Gel Electrophoresis followed by UV trans illumination.  
	1. Thermal Cycler

2. Dry Heating Block

3. Freezer (-20°C & -80°C)

4. Ice flakes machine

5. Micro-Centrifuge (10,000 to 15,000 rpm)

6. Dewar flasks

7. Micropipettes

8. Gel Electrophoresis apparatus & Power Supply Units

9. UV Trans-illuminator

10. Gel documentation facilities

11. Fume hood
 
	Graduate and Postgraduate  Staff with relevant   training in DNA based techniques and Microbiological procedures.  

	1..2.  Confirmation by Southern-Blot   

          hybridization using DNA 
         probes  specific to the target 

          elements.  

           The electrophoretically separated DNA are transferred from the gel  to nylon/ Nitrocellulose membrane and probed with radioactive/  non-radioactive labelled DNA probes that are specific for the target.  Signal generation step is involved if, non-radioactive labelled DNA probes are used.  Signal detection is by X-Ray film.    
	12.  Transfer of DNA from gel to solid support, (Capillary transfer, Electrophoretic transfer, Vacuum transfer)

13.  X-ray cassettes  
14.  Hybridization ovens. 
	Graduate and Postgraduate  Staff with relevant   training in DNA based techniques and Microbiological procedures.  



	1.3 Restricted Fragment Length 
      Polymorphism (RFLP) technique 
      for   further analysis of PCR 
      amplified products (amplicons).  
PCR amplified DNA is digested with  restriction endonuclease enzymes and the digests are electrophoresed on agarose gel and  visualized on UV trans-illuminator to determine the RFLP patterns of  target sequences.   
	
	Same as above


Table 7:  Novel methods used in assessment of Genetically 

                     Modified  Organisms  and products continued.,
	Technique
	Equipments/Facilities
	Manpower

	2.  RNA based methods.  
    2.1 Dot-Blot Hybridization.  
2.1.1. Tissue extracts and mRNA isolation.  
2.1.2. Immobilization of mRNA on membranes (Nylon/ Nitrocellulose) using the blotting technique.  
2.1.3. Detection can be done as the method described in section 1.2  
	No. 1 to No.14 of the above and 
1. Autoclave

2. Dry oven

3. Dot-Blotter
	Same as above 

	3.0. Protein based methods.  
3.1. Detection by ELISA technique. 
        Specific antibodies are commercially available for some proteins that   are the products of transgenes used in approved genetically engineered   crops.  
3.2. Western-Blot. 
        Proteins are extracted in SDS gel-loading buffer and analyzed using   SDS-Gel electrophoresis.  The electrophoretically separated samples are transferred from the gel to Nylon/Nitrocellulose membrane and   probed with reagents that are specific for polyproteins encoded by modified  genes.  
	1. ELISA reader
No. 8 to No.14 
	Staff trained on Immunological techniques and Microbiological procedures.  


4.1 DNA based methods
4.1.1 Polymerase Chain Reaction (PCR) technique 
The principles of PCR had been conceptually described by Kieppe et al in 1971.  However, its applications and experimental data were first published by Saiki et al in 1985.  Since then, number of references to PCR in the scientific literature has been estimated to be more than 40,000 (White 1996).  This method has been recognized as an official technique for legal procedures including crime detection, person identification and registration.  

The PCR is an amplification reaction that produces countless copies of a DNA fragment in only a few hours.  The reaction requires, DNA template, (target DNA molecule) the primers (if the nucleotide sequences at either ends of the region of inserted genes are known, the primers can be synthesized), deoxy ribonucleotide tri phosphates (dNTP’s – the monomer units of the DNA polymer), Taq DNA polymerase enzyme in it’s buffer (the enzyme catalyses the polymerization process joining the monomer units to the primer fragment over the template DNA strand).  

The reaction consists of three steps i.e. template denaturation at 94°C, primer annealing to the specific regions of the template strands at 40°C - 56°C depending on the annealing specificity and  primer extension (synthesising a new DNA strand over the template strand) at 72°C.  The primer extension occurs at each primer towards the other primer resulting in replication of the intervening sequence (Fig 4).  Automated thermal cyclers can be programmed to operate these three steps at definite time durations in a cyclic manner (Fig 5).  

Theoretically, if one DNA molecule serves as the template, operations of 40 cycles could produce 240 number of DNA copies of the target region of the template.  Therefore, at the end of 40 cycles, the reaction synthesises enough of the target DNA sequences to be visualized over the trans-illuminator after electrophoresis in an agarose gel.  

This technique can be used to detect inserted gene cassettes in transformed organisms and their products if known nucleotide sequence is available.  The gene cassettes are rDNA fragments containing universally approved promoters and terminators (Table 6a and Table 6c).  Therefore, the promoter or the terminator can be considered as the known nucleotide sequences in order to synthesis “transgene” specific primers to detect transformed organisms and products.   

4.1.2 Southern – Blot hybridization technique 
The technique uses radioactive/non-radioactive labelled probes, the fragments of complementary DNA that hybridize with specific regions of the target inserted gene cassettes.  

In order to identify transgenes, the PCR amplified products are separated by gel electrophoresis and transferred to a nylon membrane.  The membrane is incubated with labelled DNA probes in hybridization buffer.  During the incubation, the probes will hybridize with the PCR amplified products of the target gene which has any complementary sequences to the probe DNA.  Following hybridization, the membrane is exposed to X-ray film.  Developed film will show bands where the probes hybridize to the DNA fragments of the target gene.  

4.1.3 Restriction Fragment Length Polymorphism (RFLP) technique 
The technique has been used in combination with PCR for identification of transformed organisms (particularly microorganisms) and to compare them with their wild type counterparts.  However, the technique cannot be used for analysing complex food mixtures or processed foods.  

During the analysis, the PCR amplified DNA for target genes are digested with the restriction endonuclease enzymes and the digests are separated by gel electrophoresis and visualized on UV transilluminator to determine the RFLP patterns (profile) of target sequences.  

4.2 RNA based methods 
4.2.1 Dot-Blot hybridization technique 
This is similar to Southern-Blot hybridization and uses radioactive/non-radioactive labelled DNA probes but the probes are hybridized with mRNA transcripts of the target transgenes.  However, the technique cannot be applied to detect processed food or dead organisms.  

The technique involves the preparation of cell/tissue extracts, isolation of total mRNA from the extracts and immobilization of the isolated mRNAs on nylon membrane using blotting technique.  

The membrane is  then incubated with the labelled DNA probes in hybridization buffer.  The DNA probes will bind with the mRNA transcripts of the target gene.  Following hybridization, the membrane is exposed to X-ray film.  The developed film shows dots where the probe hybridises to mRNA transcripts of the target gene.  

4.3 Protein based methods 
These are the detection methods based on antigen-antibody reactions between modified proteins encoded by transgens and monoclonal antibodies derived for the modified proteins.  The techniques require fresh or frozen samples in which the proteins are not significantly degraded or denatured.  

4.3.1 Enzyme Linked ImmunoSorbent Assay (ELISA) technique 
This is relatively inexpensive but powerful technique for the detection of proteins encoded by transgenes of transformed organisms.  Specific antibodies derived for the proteins encoded by transgenes are the major tools used to detect uncommon proteins found in the products produced by using transformed organisms.  For example, antibodies derived for the proteins encoded by nptII, and GUS genes.  

In this technique,

· the microtitter plate wells are coated with the proteins extracted into extraction buffer, 

· the immobilized proteins are then reacted with enzyme labelled antibodies, 

· the enzyme labelled antibody-protein (antigen) complex attached to the microtitter plate wells are then detected by adding a substrate that can react with the enzyme and produces a coloured product.  

4.3.2 Western-Blot technique 
Proteins are extracted in SDS gel-loading buffer and separated in SDS-gel by two dimensional gel electrophoresis.  The separated proteins in the gel are transferred to a nylon membrane and probed with labelled antibodies specific for target proteins encoded by transgenes.  The signal generation is similar to Southern-Blot technique described under section 4.1.2.  

5.0 Present status of risk assessment and risk management

Risk assessment can be defined as “a process of evaluation, including the identification of the attendant uncertainties, of the likelihood and severity of an adverse effect(s)/event(s) occurring to man or the environment following exposure under defined conditions to a risk source(s)”.  

A risk assessment comprises hazard identification, hazard characterization, exposure assessment and risk characterization.  A hazard is the potential of an identified source to cause an adverse effect.  Genetically Modified Organisms and products may cause some adverse effects to human health and the environment.  The sequential steps in risk assessment of Genetically Modified Organisms identify characteristics which may cause adverse effects, evaluate their potential consequences, assess the likelihood of occurrence and estimate the risk posed by each identified characteristic of the Genetically Modified Organisms.  

Genetically Modified Plants 

The potential hazards associated with Genetically Modified  plants and products may be

· expression of toxic or allergenic compounds, 

· effects on biogeochemistry, 

· increased persistence in the environment and invasiveness,

· transfer of genetic material,

· instability of the genetic modification, 

· unintended effects (the insertions may influence the expression of adjacent genes leading to unintended genetic modifications that may cause some adverse effects.)  

Genetically Modified Microorganisms   

The following have been considered as possible adverse effects caused by Genetically Modified Microorganisms.  

· Diseases of human and animal including toxic or allergenic effects, 

· Plant diseases and development of disease epidemics in agricultural and natural environments, 

· adverse effects resulting from the inability to treat diseases or offer effective prophylaxis, 

· adverse effects on natural bio-geo chemical cycles,  

· adverse effects resulting from establishment or dissemination in the environment, 

· adverse effects resulting from the natural transfer of inserted genetic materials to other organisms, 

Genetically Modified  animals

The potential hazards associated with Genetically Modified  animals and products may be

· adventitious infectious agent transfer, 

· endogenous Retroviral activation (if the transformation is based on Retroviral mediated gene insertion), 

· ectopic expression of transgenes (the presence of transgenes or their products in non targeted tissues can have adverse effects on human and animals exposed to these products.), 

· excess production of transgene products or its metabolites,

· Pleiotropic effects of transgene expression (transgene insertion and expression can have unpredicted effects on the expression of other genes), 

· prion disease susceptibility hazard (production of transgenic animals could produce a hazard through the accidental inclusion of genetic material with the transgene or alteration of the functioning of the genes related to prion susceptibility), 

· leakage of expressed products from target tissues.  

5.1 Risk assessment 

5.1.1. General information required for risk assessment:   

The risk assessment strategy for Genetically Modified Organisms and products seeks to deploy appropriate methodologies and approaches to compare the Genetically Modified Organisms and products with their non-Genetically Modified counterparts.  The underlining assumption of this comparative assessment approach for Genetically Modified Organisms and products is that traditionally utilized organisms and products have gained a history of safe use for  consumption by humans or animals and for the application in agricultural and environmental or industrial processes.  These organisms and products can serve as a baseline for the environmental and food/feed safety assessment of Genetically Modified Organisms.  Based on that the concepts of familiarity and substantial equivalence were developed and further elaborated by WHO/FAO for the assessment of the environmental and food safety of Genetically Modified Organisms respectively.  This comparison is the starting point of the safety assessment which then focuses on the environmental or food/feed safety and nutritional impact of any intended or unintended differences identified.  

The concept of familiarity is based on the fact that most Genetically Modified Organisms  are developed from organisms the biology of which is well researched.  In a risk assessment, it is appropriate to draw on this previous knowledge and experience and to use the Non-Genetically Modified Organisms and products as the comparators to the Genetically Modified Organisms and products in order to highlight differences associated with the transformation and the subsequence management of the Genetically Modified Organisms and products.  

Risk assessment tis a scientific process that makes use of the best up-to-date scientific knowledge and experience.  Although details of risk assessment may vary from case to case, there are some common essential information to be considered during the risk assessment process which are indicated below.  

5.1.2 Biology of the donor and recipient organisms  

· Thorough knowledge, based on published literature, of the biology of the gene donor organism, especially history of safe use of the organism, and the presence and nature of any toxins, allergens or anti-nutritional substances.  

· Thorough knowledge, based on published literature, of the biology of the recipient organism, especially; the presence of and nature of any toxic, allergenic or anti-nutritional substances, reproductive biology and potential, ability to out-cross and form fertile offspring with wild relatives.    
· History of safe use of them and their products as food, feed and health care products.  

5.1.3 Detailed Characterization of transgenes and proteins encoded by the transgenes  

· complete nucleic acid sequence of the isolated gene(s) to be transferred, 

· deduced amino acid sequence of expressed protein(s), 

· biochemical function of expressed protein(s), 

· any anticipated changes (e.g., change of substrate or altered end products) in the functioning of the biochemical pathway(s) in which the protein(s) function.

5.1.4 Description of “Gene Cassettes” used for transformation  

· Genetic elements of the Gene Cassette(s) including control elements, structural genes, selectable marker genes, 

· origin of control elements,  

· function of control elements (e.g., tissue specific promoters, transcription enhancers and transcription terminators), 

· complete nucleic acid sequence of all promoters, terminators, or other control elements (e.g., enhancers) and selectable marker genes,  

· deduced amino acid sequence of protein(s) encoded by marker genes and their biochemical functions.  

5.1.5 Methods used for transformation  

· biological vectors (Agrobacterium tumifaciens, bacterial plasmids, viruses), 

· physical methods (particle gun), 

· chemical methods (using CaCl2 or polyethylene glycol), 

· electroporation

· Microinjection of cloned gene(s) into the pronucleus of a fertilized ovum.  

· Injection of embryonic stem cells into embryos.  

· Use of Retroviruses as the biological vectors to insert rDNA fragments into embryos.  

· Any other methods.  

5.1.6 Molecular characterization of any bacterial plasmids or viral vectors used for transformation

· Complete description of the gene vector system and the potential, if any, for incorporation of unwanted vector DNA into the recipient.  

· Complete nucleic acid sequence of vector DNA.

· Vector map showing location of key restriction enzyme sites, all genes, control elements and other open reading frames together with table showing details of all genetic elements.  

5.1.7 Toxicity and allergenicity 

· Detailed review of any safety data concerning transgene(s), including screening for similarity at the protein sequence (amino acid) level against databases of sequences of toxins, food allergens.  

· information of in vitro digestibility assay tests (digestible proteins have less potential to be food allergens), 

· information of heat stability assay test (heat labile proteins have less potential to be food allergens in heat processed foods), 

· information of acute oral toxicity testing in mice with maximum hazard dose.  

5.2 Risk assessment for Genetically Modified  Plants & products  

Specific information required for the risk assessment of Genetically Modified  plants and products in addition to the general information listed above in section 5.1.1  

5.2.1
Herbicide metabolites and residues 

For genetically enhanced plants that are known as tolerant to specific herbicides, metabolism and residue data must usually be generated with the tolerant crop in order to obtain a new label for use of the herbicide on that crop.  


5.2.2
Plant growth

Observations based on multiple plantings over at least 2 growing seasons of the genetically enhanced plant growing in different environments confirming that new trait(s) are stable, express the expected phenotype, and have no detrimental effects on plant development (e.g., growth habit, fertility, disease susceptibility, predation by herbivores or tendency to increased weediness) that could be indicative of unexpected effects of the genetic modification.  


5.2.3
Agronomic performance

At least one season of observations at multiple sites of agronomic performance (e.g., growth rate, maturity and yield).


5.2.4
Environmental risk

Environmental risk assessment is conducted to evaluate potential routes of exposure of new gene products, or their metabolites, to the environment and significance of those exposures.  Some or all of the following hazard and risk considerations should be evaluated, depending on the nature of the modification.  
• Weediness of the Genetically Modified plant 

• Mode of distribution, seeds or vegetative propagules

• Transgene product released from any plant parts

• Possible ways of horizontal gene transfer

• Consequences of gene transfer

• Any adverse effects caused by the accumulation of transgene  products in food web in the natural environment.  

Tests for impacts on non-target organisms are designed based on this assessment.  If the genetically enhanced plant can out-cross with wild or weedy species in the areas where it will be planted, additional field studies will be required to confirm that the fitness of the resulting crosses has not been significantly changed, which could potentially result in new weeds or invasion of natural habitats or species loss. These studies could involve screening collections of wild relatives to show that a trait (e.g., disease resistance) is already present in wild populations or the gene may have to be bred into wild relatives which can then be tested to see if they exhibit altered fitness (e.g., increased seed production on insect resistant plants due to reduced herbivore activity).  

5.3 Risk assessment of products of Genetically Modified Microorganism   

The risk assessment process requires the identification of any potentially harmful properties of the Genetically Modified microorganisms as a result of the genetic modification or any alteration of the recipient organisms’ existing properties.  Potentially harmful properties associated with the Genetically Modified Microorganisms must be determined.  This should be done by consideration of the recipient organism, the donor organism, the characteristics and location of the inserted genetic material and any vector.  Specific information required for the risk assessment of Genetically Modified M’s and products in addition to the general information listed above in section 5.1.1, are given below. 

5.3.1
The recipient organism

· nature of pathogenicity and virulence, infectivity, allergenicity, toxicity and vectors of disease transmission;

· nature of indigenous vectors and adventitious agents, where they could mobilise the inserted genetic material, and the frequency of mobilisation;

· nature and stability of disabling mutations, if any;

· any prior genetic modifications;

· host range (if relevant);  

· any significant physiological traits which may be altered in the final Genetically Modified organisms and if relevant their stability;

· natural habitat and geographic distribution;

· significant involvement in environmental processes (such as nitrogen fixation or pH regulation);

· interaction with, and effects on, other organisms in the environment (including likely competitive pathogenic or symbiotic properties);

· ability to form survival structures (such as spores or sclerotia).

5.3.2
The donor organism 
· nature of pathogenicity and virulence, infectivity, toxicity and vectors or disease transmission;

· nature of indigenous vectors:

· Sequence;

· Frequency of mobilization and specificity;

· Presence of genes which confer resistance to                  anti-microbial compounds including antibiotics.

· host range;

· other relevant physiological traits.

5.3.3.
The insert

· specific identify and function of the insert (genes);

· level of expression of inserted genetic material;

· source of the genetic material, identity of the donor organism(s) and characteristics where appropriate;

· history of prior genetic modifications if appropriate;

· location of inserted genetic material (possibility of insertional activation/deactivation of host genes).

5.3.4 The Vector

· nature and source of the vector;

· structure and amount of any vector and/or donor nucleic acid remaining in the final construction of the modified microorganism;

· if present in the final Genetically Modified organisms frequency of mobilization of inserted vector and/or capability of transfer of genetic material.

5.3.5
Genetically modified microorganisms 
· expected toxic or allergenic affects of the Genetically Modified O and/or its metabolic products;

· comparison of the modified microorganism with the recipient or (where appropriate) parental organism regarding pathogenicity;

· expected capacity for colonization;

· if the microorganism is pathogenic to humans who are immunocompetent:

· Diseases caused and mechanism of transmission including invasiveness and virulence;

· infective dose;

· possible alteration of route of infection or tissue specificity;

· possibility of survival outside of human host;

· biological stability;

· antibiotic-resistance patterns;

· allergenicity;

· toxigenicity;

· availability of appropriate therapies and prophylactic measures.

· expected survivability, multiplication and extent of dissemination of the modified microorganism in the identified ecosystems;

· anticipated result of interaction between the modified micro-organism and the organisms or microorganisms which might be exposed in case of unintentional release into the environment;

· known or predicted effects on plants and animals such as pathogenicity, toxicity, allergenicity, vector for a pathogen, altered antibiotic-resistance patterns, altered tropism or host specificity, colonisation;

· known or predicted involvement in biogeochemical processes.

5.4 Risk assessment for Genetically Modified  animals and products  

Specific information required for the risk assessment of Genetically Modified  animals and products in addition to the general information listed above in section 5.1.1.  

5.4.1
Prior to the production of transgenic animals, the pathogen status of the components (reagents, animals, semen, embryos, etc.) used in production should be evaluated.  The information should be obtained as follows.  
· Epidemiologic status of the country/ geographic region of origin

· Evaluation of the protocols of the production facility with respect to hygiene and animal health

· Health status evaluation of donor and recipient animals

· Evaluation of the sterility of reagents used in production

· Evaluation of the techniques for production of the biotechnology-derived animal

5.4.2
Endogenous Retroviral Activation

Endogenous retroviruses have been found in all vertebrate genomes investigated to date.  Theoretically, the use of replication-incompetent retroviruses as transgene vectors could lead to the activation of endogenous retroviral sequences through a process of recombination. The activation of these replication-competent, recombined viruses could pose a hazard to both the host animal and others, including humans, if the retrovirus is transmissible.  Another potential hazard posed by retroviral vectors is the possibility of recombination between transgenic retroviral sequences and wild-type retroviruses to which the animal may be subsequently exposed. The information is required therefore on the detection of the shedding of intact retrovirions from Genetically Modified animals.  

5.4.3 The presence of transgene products in non-target tissues and leakage of expressed transgene products from target tissues into serum  
The information on the mRNA based detection and protein based detection techniques are required to determine the presence of these transgene products in non-target tissues.  

5.4.4
Susceptibility to prion disease

Increased susceptibility to prion disease can be assessed by characterization of the transgene and transgene product in the transgenic animal, and comparison with known nucleic acid and protein sequences related to prion disease susceptibility.  Therefore, the reaction of the Genetically Modified  animal to prion disease should be informed accordingly.  

6.0 Risk Management  
This is the process of measuring or evaluation of the risks and developing and implementation of strategies to manage the risk followed by monitoring and reviewing the risk mitigation measures.  

· Evaluation of risk: This includes the processes of interpreting, comparing, judging the significance of and deciding the tolerability of the risks that are identified and estimated during the risk assessment.  

· Development and evaluation of risk mitigation process: This is the process of identifying, evaluating the efficacy and feasibility and selecting appropriate measures in order to reduce the risk associated with Genetically Modified Organisms and products.  

· Implementation: Proper actions are taken following the risk  assement decision on acceptance or refusal of the introduction of Genetically Modified Organisms and products.  

· Monitoring and review: This is a process of observing the consequences of the introduction and conducting a review, if necessary of the risk assessment, risk mitigation measures and the risk management decision.  

7.0 Facilities available for testing Genetically Modified Organisms  and products in Sri Lanka  
A survey was conducted by The National Biosafety Framework Development Project (NBFDP) of the Ministry of Environment and Natural Resources in order to identify the Sri Lankan Institutes that are capable of undertaking testing and risk assessment of Genetically Modified Organisms  and products.  During this survey the information were collected as follows.  

· Institutes that have basic equipment and laboratory facilities for  detection of genetically modified organisms and for risk assessment and the techniques currently available in these Institutes (Table 8)

· Expertise and Trained Technical staff capable of testing Genetically Modified Organisms  and products, risk assessment and risk management 
· Current research activities in Biotechnology and Molecular Biology 

These information compared with universally accepted modern techniques for the production, testing, risk assessment and risk management of genetically modified organisms described earlier in this report, make it possible to recommend  the following Institutes listed in Table 8 for testing, risk assessment, and risk management of genetically modified organisms and products classified as safety category 1 and 2.   

Table 8: Institutes that have facilities for testing and risk assessment 
                of Genetically Modified Organisms and Products  

	Institute 
	Basic Facilitates and Equipment 
	Techniques used

	Coconut Research Institute


	· Gel electrophoresis systems (vertical)

· Gel electrophoresis systems (horizontal)

· PCR machines 

· Ultracentrifuge

· Laminar Flows 

· Ovens
· UV Trans illuminators
· Hybridisation Oven
· Autoclaves
· Centrifuges
· Spectrophotometers

· Incubators

· Shakers

· Tissue Culture related Equipments

· HPLC

· Electrophoresis transfer cell

Electroporator
	DNA Extraction, PCR, Molecular analysis, Dot Blot  Hybridization, Pathogen Diagnosis, Genome Mapping, Protein analysis

	Horticulture Crop Research and Development Centre 
	· centrifuge

· Gel electrophoresis systems/apperature
· PCR equipments 

· Ultracentrifuge 

· ELISA Microplate Reader 


	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Veterinary Research Institute
	· CO2 incubator 

· Centrifuge 

· Electophoresis apparatus  Freeze drying apparatus  Incubator 

· Inverted microscopes 

· PCR equipments 

· Ultra Sonicater
	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Sugarcane research institute
	· Centrifuge 

· DNA Thermal Cycler  Fermentor 

· ELISA Microplate Reader
	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Tea research institute
	· Gel Documentation System 

· Laminar Flow 

· PCR equipments
	DNA Extraction, PCR, DNA Hybridization and protein based techniques


Table 8: Institutes that have facilities for testing and risk assessment 
                of Genetically Modified Organisms and Products  
      continued.,
	National Plant Quarantine service 


	· Anaerobic chamber anaerobic culturing of bacteria 
·  Autoclave 

· CO2 incubator  
· Centrifuge 

· Gel electrophoresis systems / apperature
·  ELISA technique equipment 

· Electrophoresis apparatus \ Electroporator 
· Fluorescence Microscope 

· Freeze drying apparatus 

· Incubator 

· Inverted microscopes 
· Laminar Air Flow 
· Oven 

· Refrigerated- centrifuge Shaker 

· Stereo Research Microscopes  UV 
· Transilluminator 
· Ultracentrifuge 

· ELISA Microplate Reader 


	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Agricultural Biotechnology Center
	· Autoclave 

· Electrophoresis apparatus
· Freeze drying apparatus 
· Gene Gun 
· Laminar Flow 

· PCR equipments 

· UV Transilluminator 

· UV visible Spectrometer 
· ELISA Microplate Reader
	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Gene tech
	· Autoclave 

· Gel electrophoresis systems / apperature  ELISA microplate reader  Incubator 
· Microfuge 

· PCR equipments  Shaker 

· UV Transilluminator
	DNA Extraction, PCR, DNA Hybridization and protein based techniques


Table 8: Institutes that have facilities for testing and risk assessment 
                of Genetically Modified Organisms and Products  
      continued.,
	Department of Plant science- University of Colombo 


	· Anaerobic chamber anaerobic culturing of bacteria 
· Autoclave 

· Centrifuge 

· Electron Microscope 

· Gel electrophoresis systems / apperature 
· Electophoresis apparatus 

· Equipments related to plant tissue culture  Fermentor 

· Fluorecence Microscope
· Freeze drying apparatus 
· Horizontal Gel Electrophoresis Apparatus 

· Incubator 

· Laminar Air Flow 

· Laminar Flow 

· Microfuge 

· Micropipette filler  Oven 

· PCR equipments 

· Refrigerated- centrifuge 

· SDS- PAGE and gel filtration equipment  Shaker 

· Spectrophotometer 

· Stereo Research Microscopes 

· UV visible Spectrometer 

· Ul tra Sonicater  Ultracentrifuge

	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	National Aquatic Resources Research and Development Agency 


	· Autoclave 

· Gel electrophoresis systems / apperature  Microfuge 

· PCR equipments  Shaker 
· UV Transilluminator 


	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Department of Agriculture Biology University of Peradeniya. 


	· Electroporator 
· PCR equipments 

· Refrigerated- centrifuge UV visible Spectrometer Ultra Sonicater 


	DNA Extraction, PCR, DNA Hybridization and protein based techniques


	Department of Microbiology -University of Sri Jayawardenapura 


	· Autoclave 

· CO2 incubator 
· Centrifuge 

· ELISA technique equipment 

· ELISA microplate reader 

· Fluorecence Microscope

· Freeze drying apparatus  Gel Drier 
· Incubator 

· Inverted microscopes 

· Laminar Air Flow  Laminar Flow
· Laminar hood 

· Microfuge 

· Micropipette filler 

· Oven 

· PCR equipments 

· Confocal microscopes 
· SDS- PAGE and gel filtration equipment 
· Spectrophotometer 

· Tissue Culture related equipment 
· UV Transilluminator  Ultracentrifuge 

· Western blotting 


	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Institute of Fundamental Studies
	· Autoclave 

· Laminar Flow 

· Oven 
· PCR equipments 

· Tissue Culture related equipment 


	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Department of Botany -University of Sri Jayawardenapura
	· Autoclave 

· Centrifuge 

· DNA Sequencer 

· DNA Thermal Cycler 

· Gel electrophoresis systems / apperature 
· ELISA technique equipment 7 Fermentor 
· Gel Drier 

· Horizontal Gel Electrophoresis Apparatus 

· Incubator 

· Laminar Air Flow 

· Oven 

· PCR equipments 
· Shaker 

· Spectrophotometer 

· Stereo Research Microscopes 

· Tissue Culture related equipment 
· UV visible Spectrometer 
· Ultra Sonlcater 
· Ultracentrifuge 
· Vacuum dryer 

· Hybridization Ovens 

· ELISA Microplate Reader 
	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Molecular Science and Biomedical Unit -University of Ruhuna
	· Autoclave 

· CO2 incubator 

· Centrifuge 

· DNA Thermal Cycler 

· Gel electrophoresis systems / apperature  ELISA microplate reader  Gamma counter 
· Incubator 
· Oven 

· PCR equipments 

· Refrigerated- centrifuge UV visible Spectrometer 

· HPLC 
	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Department of Botany -University of Ruhuna
	· Autoclave 

· Centrifuge 

· DNA Thermal Cycler 

· Gel electrophoresis systems / apperature 

· Equipments related to plant tissue culture 

· Gas Chromatography 

· Gel Documentation System 

· Gel Drier 

· Horizontal Gel Electrophoresis Apparatus Incubator 

· Inverted microscopes 

· Ion chromatography 

· Laminar Air Flow  Microfuge 

· Micropipette filler 

· Oven 

· PCR equipments 

· Refrigerated- centrifuge 

· SDS- PAGE and gel filtration equipment 

· SORVOLL Centrifuge, Biofuge and other types of centri 

· Shaker 

· Spectrophotometer 

· Tissue Culture related equipment 

· UV Transilluminator 

· UV visible Spectrometer  Vacuum dryer 

· Vertical & Horizontal Gel Electrophoresis apparatus 

· Western blotting 

· Hybridization Ovens 

· Blotting apparatus  
	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Department of Molecular Biology and Biotechnology University of Peradeniya 


	· Autoclave 

· CO2 incubator 
· Centrifuge 
· DNA Sequencer 

· Gel electrophoresis systems / apparatus 
· Incubator 

· Oven 
· PCR equipments 

· Spectrophotometer 

· ELISA Micro plate Reader

	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Plant virus indexing centre, Department of Agriculture, Homagama
	· Centrifuge 

· 2 DNA Thermal Cycler 

· 3 Electophoresis apparatus 4 UV Transilluminator 

· 5 UV visible Spectrometer 6 Ultracentrifuge 


	DNA Extraction, PCR, DNA Hybridization and protein based techniques

	Department of Microbiology -University of Kelaniya
	· DNA Thermal Cycler 
· Fermentor 

· Laminar Flow 
· Microfuge 

· Confocal microscopes 
· Spectrophotometer 

· UV Transilluminator 

· ELISA Microplate Reader 


	DNA Extraction, PCR, DNA Hybridization and protein based techniques


	Institute of Biochemistry, Molecular biology and Biotechnology.
University of Colombo
	· Autoclave 

· CO2 incubator 

· Centrifuge 

· DNA Sequencer 

· DNA Thermal Cycler 

· DNA Sequencer(automated) gel type and capillary 

· Gel electrophoresis systems / apperature 

· Dot -Blot apparatus 

· ELISA technique equipment 

· Electophoresis apparatus ~ 

· Electroporator 

· Fluorecence 

· Microscope 

· Freeze drying apparatus

· Gamma counter 

· Gel Documentation System 

· Gel Drier 

· Gene Gun 

· Horizontal Gel Electrophoresis Apparatus 19 Incubator 

· Ion chromatography 

· Laminar Air Flow 

· Laminar Flow 

· Laminar hood 

· Lyophilizer 

· Microfuge 

· Micropipette filler 

· Oven 

· PCR equipments 

· Refrigerated- centrifuge 

· SDS- PAGE and gel filtration equipment 

· SORVOLL Centrifuge, Biofuge and other types of centri 

· Shaker 

· Spectrophotometer 

· Tissue Culture related equipment 

· UV Transilluminator 

· UV visible Spectrometer 

· Ultra Sonicater 

· HPLC 

· Vacuum dryer 

· Vertical & Horizontal Gel Electrophoresis apparatus 

· Western blotting 

· Radio Labelling 

· Hybridization Ovens 

· ELISA Microplate Reader 

· Southern blotting apperature 46Nothern blotting apperature 
	DNA Extraction, PCR, DNA Hybridization and protein based techniques


8.0  CONCLUSIONS
New methods of genetic modification of plants, microorganisms and animals offer many possibilities for improvement of quality and services offered through biotechnology.  Many new products in agriculture, aquaculture, health, industry and environmental remediation have emerged via these methods.  Reports indicate that many genetically modified products have been approved in several countries of the world and are being used currently. The development of genetically modified products and their subsequent introduction to other countries before or after approval is inevitable with the prevailing conditions of international trade. The approval of genetically modified products for import and use in Sri Lanka, if any must be given only after rigorous scientific testing and risk assessment procedures by qualified laboratories and institutions. 

At present,  Sri Lanka has necessary expertise, laboratory facilities, technology and techniques to undertake the tertiary risk assessment and risk management of genetically modified organisms and products. Therefore it is proposed that these expertise and institutional facilities are properly and judiciously utilized to strictly regulate the production,  import  and use of genetically modified organisms and products according to a well formulated, legal procedure  

The regular implementation of these procedures may require a mechanism to obtain the services of the recommended laboratories and institutions by nominating them as centers of excellence and providing them with necessary financial support.

It is also anticipated that further improvement of the present methods of detecting genetically modified organisms will be reported in the future with development of molecular biology and biochemistry.  Therefore it is regarded that the National Biosafety Framework maintain regularly updated data based on information of R&D activities related to genetically modified organisms by having a good library    

Appendix I

Country specific Guidelines for import of Genetically Modified Organisms and products:

1.
All persons who desire to import Genetically Modified Organisms  and products should apply for an import permit from pertinent regulatory agency as required by law.  

2
Approval or denial of an import permit shall be based on the information provided for evaluation as formulated in Annex I.  

3
A written application should respond to all items listed in Annex I for introduction of genetically modified organisms  and products.  Application should be submitted four (4) months before importation to National Focal Point (NFP).  These applications will be then forwarded to the relevant Competent Authorities (Health, Agricultural, Veterinary, Environmental  etc. identified by NFP to examine assess and to make recommendations.

4
After review of the application and with the recommendation of relevant agencies, NFP shall make the appropriate decision.  If a permit is issued, it should specify applicable conditions for introduction of Genetically Modified Organisms  and products.  If the application is denied, the applicant shall be promptly informed of the reasons. 

5
Any person whose application has been denied or whose permit has been withdrawn may appeal the decision in writing to the appropriate authorities within 30 days of receipt of the written notice.  The appeal should clearly state all the facts and reasons to show that the permit was wrongfully withdrawn or denied. All appeals including application documents shall be referred back to NFP for final comments and suggestions.  

6
Permit shall be issued in quadruplicate. The original shall be given to the applicant for presentation to the Authorized Officer at the port of entry; the duplicate shall be sent by the applicant to the shipper in the country of origin for their guidance relative to the terms and conditions; the triplicate shall be presented to the Collector of Customs at the port of entry, and the fourth copy shall be filed with the application.  

7
A person who is issued a permit should comply with conditions specified in it.  Non-compliance with the conditions shall be ground for suspension of permit. It will remain suspend until such time that the specified conditions are fully complied with.  

8
All introductions of Genetically Modified Organisms  and products shall be addressed to the Director/NFP.  

9
Transport from the port of entry to a destination specified by Director/NFP shall be undertaken with the supervision of an Officer authorized by the Director/NFP at the importer's expense.  No further movement of regulated material shall be made unless authorized by NFP.  

Appendix II

Guidelines for internal transport and release of Genetically Modified Organisms and products:

1
Following information are required for the preliminary observation by an Officer appointed by the Director/NFP.  

· Name, address, and telephone number of consignee;

· Name and address of shipper, owner, or person shipping or forwarding the consignment;

· Identifying shipper's mark and number;

· Written permit number authorizing the importation. 

· General nature and quantity of the content;

2
Detail inspection will be carried out in order to verify whether the consignment is fully complied with the import regulations.  Depending on the recommendation made by the Officer appointed by the Director/NFP will grant permission to release the consignment if it is fully comply with conditions noted in the import permit, unless otherwise the consignment will be destroyed at the importer’s expense.  

3
No organisms or products other than the approved ones are allowed to transport and release.  

4
All persons who are granted permission to import Genetically Modified Organisms  and products shall be required to submit performance evaluation reports to the NFP as specified by the Director/NFP.  

5
The relevant competent authorities of the NFP shall be responsible for monitoring the progress of the work and shall immediately report any significant outcome to the NFP for any malfunctions.  

Appendix III

Guidelines for the production of Genetically Modified Organisms:

1
Before any experiment on organisms is undertaken, the principal investigator or project manager should prepare a proposal according to the format set by the NFP.  The Proposal should respond to all items indicated in the Procedures for Evaluation.

2
The proposal should then be submitted to the NFP.  The NFP should assess the project initially and then send the original proposal with its own evaluation, to the relevant competent authorities for assessment.  

3
Genetic manipulation of organisms should be allowed only if the ultimate objective is for the welfare of humanity and the natural environment and only if it has been clearly demonstrated that there is no existing or foreseeable alternative approaches to servicing the welfare of humanity and the natural environment. 

4
Assessment of risk should be based on the characteristics of the biological product and on the process by which it was obtained.  

5
Upon receipt of proposal, the competent authority will form a working group, members of which may be from the authority itself, who will assess the proposal based on the Procedures for Evaluation.  This working group may seek additional requirements either in elaboration of the proposal or on new issues that may arise from an examination of the proposal.  The working group shall submit its recommendations to the NFP.  

 6
Approval or denial of an import permit shall be based on the information provided for evaluation as formulated in Annex II.  

Annex I: 

Application to obtain import permits should include the following information;

1.
Responsible person or persons involved

a. Name, title, address, telephone number, and signature;

b. Name, address, and telephone number of the person(s) who developed and/or supplied the regulated material;

2.
Specify what Genetically Modified Organisms  or products to be introduced;  

2.1
Country and locality where the Genetically Modified Organisms  or products were, developed, and produced;

2.2
Detail information of the Genetically Modified Organisms  requested to be imported, or the Genetically Modified Organisms  used to produced the products that to be imported.  

2.2.1
Nomenclature and characteristic of and history of safe use/adverse effects of the donor from which the genetic materials were obtained.  

2.2.2
Nomenclature, characteristic and history of safe use/adverse effects of the recipient in which the genome is altered.  

2.2.3
Nucleotide sequence and construction method of the recombinant molecule used as the transgene elements (Gene Cassettes) for transformation;

2.2.4

Methods used to introduce transgenes into recipient cells.  

2.2.5

Specify the vectors if any, used in the transformation of recipient cells.

2.2.6
Amino acid sequence of the proteins encoded by the inserted transgenes.  

2.2.7
Enzyme digestibility of the above proteins and susceptible sites react with respective enzymes.  

2.2.8
Heat and acid sensitivity of the proteins encoded by transgenes

2.2.9
History of donor and recipient organisms as used in food production or eaten as food.  

2.2.10
Provide available data on toxicology, allerginicity, and other possible adverse effects of foods or any metabolites produced by Genetically Modified Organisms .  

2.2.11
Information about the products of Genetically Modified Organisms  that can be concentrated in the food chain to levels which may become toxic.  

2.2.12.
Provide data on potential hazards or deleterious effects specifically being evaluated.  


Live Vaccines

· Specify/give the identification characteristics or markers, the growth requirements, and the genetic modification of the vaccine strain of the organism.

· Specify the proposed dose rate(s). 

· Give the period when the vaccine organism can be detected in the vaccinated animals and their excretions.

· Indicate if the vaccine organisms spreads from vaccinated to in-contact, non-vaccinated animals of the same or other animal species. If so, state the mechanisms and frequency.  

· Give the vaccine strain's frequency of reversion to wild type characteristics.

· For pen trials, specify arrangements proposed for disposal of waste containing any vaccine organisms and of the vaccinated animals at the conclusion of the trial.

· Give the clinical effects of the vaccine organism target and non-target species in the test area and surrounding environment.

· Specify the level and duration of immunity produced in the target species.

· State challenge or other tests using virulent field strains to be carried out on vaccinated animals.

· Indicate the probability of the host vaccine organism being used in other human or animal vaccines. 

· Specify if the use of this vaccine precludes the future use of the host vaccine organism for immunization purposes.

Microorganisms to be used for biological control)

· State the effects that the unmodified and modified organisms have on the biological control target, the plant or animal being protected and non-target species (including humans) in the test area and surrounding environment. State, in particular, if there are any growth or quality reductions in the protected organism.

· Specify the survival and reproduction characteristics of the organism in the rhizosphere of the plant species in the test site and surrounding environment.

· Give the effects on organisms likely to be in the test area which are known to be beneficial to plants (e.g. Rhizobium, Frankia and mycorrhizal fungi).  

2.3
Specify the arrangement for the transport of imported Genetically Modified Organisms  and products within the country.

2.4
Indicate the Genetically Modified Organisms  reproduction and survival rates under the natural environmental conditions.  

2.5
Indicate the capability of the organism to disperse under the natural environment. Indicate the dispersal mechanisms.  

2.6
Indicate if the inserted genetic trait could be transferred to other organisms in the release site and surrounding environment; if yes, specify with what organisms and at what frequencies.  

2.7
Indicate data available which show that the introduced genetic trait has no unforeseen deleterious effect in the long term.

2.8
Indicate if the modified organism is intended to modify the characteristics or abundance of other species. If yes, specify these species and the intended changes.

2.9
Indicate the experimental results or information available which show the probable consequences (positive and negative) of the release of the modified organism, including impacts on:

(a)
human and animal health;

(b)
agricultural production;

(c)
the target and non-target organisms in the area;

(d)
the general ecology, environmental quality in the area.

2.10
Specify the range of consequences which has been considered (e.g., what range of species was examined for non-target effects).

2.11
Give unlikely but possible impacts that have been postulated. Indicate if any of these would have substantial impacts if they actually occurred. Likewise, also indicate if the release protocol minimizes or monitors these low probability risks. If so, indicate how.

2.12
Give the consequences of the organism remaining in the environment beyond the planned period.  

2.13
Indicate the methods that will be used to control or eliminate the organism from the site and the surrounding environment should such action be required.

2.14
Provide data or any other information which the organization considers to be of assistance to the NFP’s assessment.

Annex II

Application to obtain permits for the production and introduction of Genetically Modified Organisms and products should include the following informations;
1 
Title of the project

2.
Program/Project/Study Leader(s)

3 
Name of Institution

4 
Cooperating Institution(s)

5 
Objectives of the Genetic modification

6 
Materials and Methods

6.1 
Degree of Genetic Manipulation

6.2 
Methodology/Protocol (including timetable of activities)

6.3 
Location of Experiment

6.4       Characteristics of the Organisms: (Plants, Animals, Microorganisms)

· Local strains

· Collected within the region (mention exact location);

· Collected from other regions - origin of strains.

· Imported strains (indicate point of origin)

· Not present in the country;

· Present but of restricted distribution in the country;

· Widely distributed in the country.

· Genetically modified strains

· Ecological context

6.5 For Experiments Involving Genetically Modified  Plants

· Characteristics of the recipient organism 

· Nomenclature;

· The areas of cultivation or distribution in nature;

· Reproductive cycle;

· Possibility of natural crossing to related species;

· Production of toxic substances, if any;

· Weediness/effect on environment (soil, water, etc.)

· Donor organism

· Taxonomy, 

· The areas of cultivation, distribution in nature;

· Reproductive cycle;

· Possibility of natural crossing to related species;

· Production of toxic substances, if any;

· Weediness/effect on environment.;

· Functions of the target gene;

· Name, designation, origin and molecular characteristics of the vector

· Construction method of the genetically modified organism
· Structure and construction method of the recombinant molecule;

· Method to introduce target genes into recipient cells

· Characteristics of genetically modified organism:

· Comparison with recipient organisms;

· Localization, copy number and stability of the target gene in recipient cell;

· Stability of the introduced gene expression.

· Any other important points obtained in the transformation experiment to develop the genetically modified  plant

· Specify if any member of the genus of the modified plant is known to be harboring pests or diseases.

· Indicate if the experimental plot is isolated from plants of the same species, with regard to the pollination characteristics of the plant.

· Provide data on any previous information on risk assessment of the organism.

· Provide data on any markers available to track the organism if it escapes.

6.6 For Experiments involving Genetically Modified Microorganisms

· Characteristics of the recipient organisms:

· Nomenclature (scientific name and strain);

· Genetic properties (Characteristics):

· History of prior genetic manipulation, if any;

· Factors which might limit the reproduction, growth and survival of the recipient organisms; stability of genetic traits.

· Characteristics and stability of plasmids, phages, viruses, in the recipient organisms;

· Reproductive cycle (sexual or asexual).  

· Pathogenicity (details and availability of appropriate prophylaxis and therapies, if any);

· Production of biological active compounds, if any;

· Adventitious agents;

· Previous reports of a history of industrial use, if any.

· Characteristics of the related strain of recipient organisms:

· Natural habitat and geographic distribution;

· Genetic traits

· Characteristics and stability of plasmids, phages, viruses, in the recipient organisms;

· Characteristics of the donor organism

· Nomenclature (scientific name and strain);

· Pathogenicity, producibility of biological active compounds.

· Functions of the objective genes;

· Name, designation, origin, characteristics of the vector

· Construction method of genetically modified organism
· Structure and construction method of the recombinant molecules;

· Method used to introduce target genes into recipient cells.

· Characteristics of the genetically modified  organisms

· Comparison with recipient organisms

· Characteristics with respect to survival, growth and reproduction;

· Crossing possibility;

· Inserted genes

· Localization, copy number and stability of the inserted gene in recipient cells;

· Stability of the introduced gene expression;

· Any previous genetic manipulations applied to already modified genetically modified  organisms;

· Method to restrict the multiplication ability in open environment.

· Any other important remarks obtained in the transformation experiment or during the preliminary application in the controlled model environment.

· Other Considerations in Assessing Characteristic of Genetically Modified Microorganisms:

· Known potential of natural variants to cause epidemics (survival rates, reproduction, dispersal, etc.)

· Known potential to cause losses 

· Known potential hosts and their economic or social importance

· Known natural ability to evolve

· Known carriers of organism and abundance

· Known epidemiological factors

· Host range

· Pathogenicity, infectivity;

· Production of biological active compounds, if any.

· Mode of spread including vectors and other transport hosts;

· Environmental conditions needed for epidemics;

· History of epidemic, if any

· Laboratory testing

· Required containment facilities of laboratory;

· Required biosafety equipments

· Sterilization procedures;

· Personnel awareness of biosafety procedures;

· Labeling/designation of "risk" areas;

· Decontamination facilities;

· Field testing (Microorganisms on Soil/Water Associated with Plants)

· Specify the survival and reproduction characteristics of the organism in the rhizosphere of the plant species in the test site and surrounding environment.

· Give the effects on organisms likely to be in the test area which are known to be beneficial to plants (e.g. Rhizobium, Frankia and mycorrhizal fungi).

· Field testing (Microorganisms to be used for biological control). 

· State the effects that the unmodified and modified organisms have on the biological control target, the plant or animal being protected and non-target species (including humans) in the test area and surrounding environment. State, in particular, if there are any growth or quality reductions in the protected organism.

· Live Vaccines

· Specify/give the identification characteristics or markers, the growth requirements, and the genetic modification of the vaccine strain of the organism.

· Specify the proposed dose rate(s). 

· Give the period when the vaccine organism can be detected in the vaccinated animals and their excretions.

· Indicate if the vaccineorganisms spreads from vaccinated to in-contact, non-vaccinated animals of the same or other animal species. If so, state the mechanisms and frequency.  

· Give the vaccine strain's frequency of reversion to wild type characteristics.

· For pen trials, specify arrangements proposed for disposal of waste containing any vaccine organisms and of the vaccinated animals at the conclusion of the trial.

· Give the clinical effects of the vaccine organism target and non-target species in the test area and surrounding environment.

· Specify the level and duration of immunity produced in the target species.

· State challenge or other tests using virulent field strains to be carried out on vaccinated animals.

· Indicate the probability of the host vaccine organism being used in other human or animal vaccines. 

· Specify if the use of this vaccine precludes the future use of the host vaccine organism for immunization purposes.

6.7 For Experiments involving Genetically Modified Animals

· Domesticated or farmed animals (terrestrial, aquatic)

· Indicate the desirable effects expected to result from the use of the modified animal (e.g. improved reproduction, weight gain, disease resistance and production gains).

· State the undesirable effects that may result from the release of the modified organism like alteration of nutritional quality (e.g. difficult birth, fertility reduction, increased disease prevalence, tumorgenicity and production losses). Indicate if any of the likely gains are directly linked to losses in other characteristics of the species (e.g., an increased growth rate being accompanied by a decrease in wool or milk production).

· Indicate if the genetic trait can be transmitted other than through their normal reproduction (e.g., from animal to animal via virus or insect transmission). 
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